Introduction

27
The ocean is one of the most important components of the climate system due to 28 its large heat capacity. Understanding its dynamics remains challenging due to interac-29 tions with the other components of the climate system, particularly the atmosphere. It 30 is common to decouple the climate system to reduce its complexity: A well known strat-31 egy is to use ocean-only numerical simulations for which air-sea interactions are control 32 variables that one can adjust to study the ocean responses. However this approach strongly 33 relies on parameterizations used to represent these interactions. We study here ocean-34 only models driven by different surface forcing strategies with the view toward assess-35 ing strengths and weaknesses of each.
36
Modeling a variable ocean under a specified but variable atmosphere is a useful and 37 efficient idealization. However, some studies have highlighted an important caveat of this 
50
Following these ideas, we wish to assess if similar limitations would be at work for the averaging used to construct climatological products, such that the high frequency 58 wind variance strongly reduces at mid-and high latitudes (Fig. 1, top 
Heat Fluxes
126
In our configuration, the components of the net heat fluxes which vary from ex- there are thus oceanic processes that take the ocean surface away from the overlying at-156 mosphere and lead to larger air-sea temperature differences. We show in Section 3.2 that 157 those processes are associated with upper ocean vertical mixing.
158
As the ocean surface quickly warms up at the beginning of the simulation when ex- radiations would induce larger warming of the ocean surface (Fig. S3) .
172
Oceanic Vertical Mixing
173
We now describe the differences between the two equilibria in terms of oceanic dy- CheapAML (Fig. S5) , the most important difference in the processes controlling the tem-
180
perature is found to be the upper ocean vertical mixing. (Fig. S5, bottom panels) .
191
The other terms (lateral diffusion, advective and entrainment terms; cf Eq. (4) in Sup- is also reached after only 5 months of simulation (Fig. 2, right panels) .
221
From these comparisons, we conclude that prescribing the atmospheric state re-222 duces the effects of climatological winds on the temperature of the upper ocean layers.
223
The underlying physical basis remains however questionable. Due to the weak high fre- To study the oceanic variability and to distinguish between the atmospherically forced 248 and the internally generated low-frequency oceanic variability, it is common to drive ocean 249 models with climatological winds. When using an atmospheric boundary layer, our re- 
295
In the climatological scenario, the system reaches a new balance for which the warmer -18-
